Sewer construction in urban areas often has significant impacts on work zone traffic control, traffic flow, and safety. Contractors typically introduce night shifts to meet contract schedule and to reduce traffic congestion. However, there is a lack of understanding of how shift work is associated with labor productivity in sewer construction. This research investigated labor productivity of ten major activities in sewer and drainage construction in Ho Chi Minh City, Vietnam when these activities were performed in both day and night shifts. Levene's tests and t-tests were employed to analyze the data and investigate the research hypothesis. Results revealed that four activities were significantly sensitive to shift work and the other six activities were not. Pavement cutting and timber piling activities had higher productivity in day shifts. In contrast, steel sheet piling and manhole concreting were more productive in night shifts. Labor productivity of excavation, formwork installation, rebar fabrication/installation, pipe installation, sand filling, and asphalt pavement was not significantly different between the two shifts. The results were verified by the experienced site managers/engineers through structured interviews. The findings form this paper help contractors effectively manage their sewer projects by allocating resources appropriately to construction activities between the day and night shifts.
INTRODUCTION
The development and rehabilitation of sewer or drainage systems are required in urban areas. Underground urban infrastructure has been expanding quickly as urbanization increases (Woodroffe and Ariaratnam 2009) . The construction of these systems considerably impacts the daily lives of the neighbor residents, community, and business centers, especially when these systems have to be buried under city roads. Undoubtedly, sewer and drainage construction (hereafter called sewer construction) and urban traffic may negatively affect each other. Thus, contractors typically introduce night shifts to meet contract schedules, to reduce traffic congestion, and to mitigate the adverse impacts of traffic on construction. Although many studies have addressed the nighttime operations of highway construction, no significant research has addressed those of sewer construction, especially with regard to productivity. In addition, most of the previous studies focused on the assessment of productivity in both labor-and equipment-extensive projects only for daytime operations (Mostafavi et al. 2012) .
Previous studies showed that there were both positive and negative factors related to nighttime operations in highway construction projects. Bryden and Mace (2002) found that reduced interference from traffic, longer work shifts, cooler night temperatures were positive factors while reduced visibility, greater difficulty communicating with supervisors/technical support staff, longer setup/takedown times for traffic controls and lighting were negative ones. Therefore, the full advantages and disadvantages of nighttime construction were not completely understood in most highway agencies (Al-Kaisy and Nassar 2009). These issues can be even more challenging for sewer construction projects.
This study aims at comparing the productivity levels of ten typical activities performed in day and night shifts in urban sewer construction. The open-cut construction method was focused as its popularity in big-diameter utilities. This study concentrates on productivity because few studies have addressed the impacts of nighttime construction on project cost or productivity (Minchin et al. 2013) .
RELATED WORK
As previously stated, the majority of literature investigated a variety of topics related to nighttime operations in highway projects. To name but a few they include safety issues (Hinze and Carlisle 1990; Arditi et al. 2007 ); lighting/illumination (ElRayes and Hyari 2005; Gambatese and Rajendran 2012); nighttime work selection/decision supports (Park et al. 2002; Douglas and Park 2003 ; Al-Kaisy and Nassar 2009); costs (Ellis and Kumar 1993; Minchin et al. 2013) ; and productivity (Ellis and Kumar 1993; Mostafavi et al. 2012) .
The literature generally noted that both safety and productivity may be compromised in night shifts (Vidacek et al. 1986; Folkard and Tucker 2003) . Nighttime operations were more hazardous than daytime operations (Arditi et al. 2007 ). In addition, a perceived loss of productivity in performing night work exists in transportation-related construction and maintenance operations (Hancher and Taylor 2001) . Mostafavi et al. (2012) confirmed that decreased productivity, which in turn affected construction cost and schedule, was a considerable concern in nighttime operations.
However, there was no consensus in the literature with regard to whether costs of performing nighttime jobs increase or decrease (Elrahman 2008; Shane et al. 2012) . On the one hand, the productivity values of daytime and nighttime operations in highway construction were not significantly different (Ellis and Kumar 1993) . A similar conclusion was found in asphalt paving work (Dunston et al. 2000; Hancher and Taylor 2001) . On the other hand, Douglas and Park (2003) found that asphalt placement at night was 23% higher than during the day when comparing 16 daytime projects and 17 nighttime projects performed in 1999 -2000 in Oregon.
In connection with productivity, few studies have investigated for nighttime operations. Literature provided little information as to the labor efficiency associated with working a second shift (Hanna et al. 2008) . Mostafavi et al. (2012) proposed a methodology to quantify the impact of qualitative nighttime factors on the productivity of asphalt paving operations. In this study, the authors adopted qualitative factor worth (QFW) proposed by Zayed and Halpin (2004) to calculate the effects and the productivity index (PI) of the nighttime asphalt paving operation. This PI was then incorporated in a discrete event simulation model to modify the baseline productivity. The simulation was used to consider the project-specific characteristics such as equipment size and experience of the project crew. However, the sophistication of the proposed methodology may limit its application, especially in the planning phase when a construction team is not established yet.
Recently, Minchin et al. (2013) used hard bid prices to evaluate the effect of performing asphalt paving and pile driving at night on project cost and productivity. This study assumed that a contractor's bid on a unit price item that would be performed during day (night) hours would reflect that contractor's expected productivity as performed in the daytime (nighttime). The study concluded that measureable differences in the costs of pay items existed, yet no statistically significant difference could be found in any of the pay items based on time of day. However, it should be noted that findings from Michin et al. (2013) were not explicitly related to productivity. As pointed out by the authors, the potential unbalanced biding and the effects of economies of scale (i.e., varying quantities of a unit price item) were among limitations of their research.
Based on the comprehensive literature review, we recognize that the need for a direct comparison of productivity in different shifts is imperative. Project participants would plan their projects better if differences (if any) in productivity between daytime and nighttime operations are comprehensively understood. If the estimation of construction productivity does not incorporate the effects of nighttime factors, such estimate will fail to provide reliable information for planning purposes (Mostafavi et al. 2012 ). This paper attempts to respond to that need in sewer construction in Vietnam.
RESEARCH METHODOLOGY
Our research hypothesis was that there was a significant difference in labor productivity between daytime and nighttime construction in urban sewerage and drainage rehabilitation. The Levene's tests and t-tests were inferential statistics employed to assess the hypothesis. IBM SPSS Statistics was used for data analysis and the hypothesis testing.
In this study, productivity (P) of an activity was calculated as follows:
Where Q is a quantity of work completed; W is the number of workers directly performed the observed activity; and T is the number of hours spent for the work. The unit of measure for productivity is unit of work quantity (e.g., meter, cubic meter, pile) per worker hour (wh).
This research combined field observations, interviews, and project records to collect the productivity data. Based on the reports from Ho Chi Minh City's Department of Transportation, the Center of Urban Flood Control Program, and Project Management Units, this research identified sewer rehabilitation projects under construction. The second author then contacted contractors to schedule for site visits and to invite their participation in this study. Finally, eight sites were chosen and the contractors of these sites allowed the second author to get in these sites, observe the operations, and interview the site managers and engineers.
Preliminary site visits were conducted to understand the construction site layouts, potential conflicts with traffic, the scope of work, construction means and methods, contract schedules, and shift work plans. It is important to note that all of the sites had two shifts in work plan. The day shift was from 7:00 am to 5:00 pm and the night shift was from 8:00 pm to 4:00 am. The ten typical activities performed in these sites were: pavement cutting; excavation; timber piling; steel sheet piling; formwork installation; manhole concreting; rebar fabrication and installation (hereafter called rebar installation); concrete pipe installation; sand filling; and asphalt pavement. These ten activities were selected for productivity analysis of daytime and nighttime operations. The section below describes these ten activities in detail. Ellis and Kumar (1993) noted that the selection of the typical activities overcame a difficulty that could occur if daytime and nighttime projects were directly compared at the project level.
To facilitate the data collection process, a field observation form was created to record productivity data. The data were collected from direct observations, project diary, work inspection/approval forms, and certificates of work completion by construction managers. Finally, findings from data analysis were verified with site managers and engineers through follow-up structured interviews.
DESCRIPTION OF OBSERVED ACTIVITIES
The authors selected the ten activities based on the following criteria: (1) they took place in all of these sites and in both shifts; (2) their quantities of work completed were easily measured; and (3) each activity was performed by only a few workers (3 -10) and therefore working hours were readily recorded. Table 1 briefly describes these activities. Performed by a group of 3-4 workers and an excavator.
Timber piling (pile) Performed by a group of 5-6 workers. An excavator was used for driving piles. Timber piles were 4-meter length on average and were used to reinforce soft soil. Steel sheet piling (linear meter, m)
Performed by a group of 3-4 workers and a piling rig/vibrator. Sheet piles were 6-8 meters in length and were used to retain soil and water. Formwork installation (square meter, m 2 )
Performed by a group of 4-5 workers with forms used at manholes. Each activity had unique interactions among workers, machines, and surrounding environments ( Table 1) . As a result, depending on the nature of each activity (i.e., labor-or machine-intensive, noise creation), the effects of daytime and nighttime operations on productivity could be different. A survey in highway construction in Kentucky indicated that nighttime conditions significantly affected the productivity levels of some activities (e.g., rock excavation, structural bridge work) while they did not significantly affect other activities (e.g., asphalt placement, bridge deck overlay) (Hancher and Taylor 2001) .
PRODUCTIVITY OF DAYTIME AND NIGHTTIME OPERATIONS
The field observations were conducted in two months, between March and May of 2011. Table 2 summarizes the day and night shifts of the field observations. Seventy three observations 33 (45%) in day shifts and 40 (55%) in night shifts) took place in eight projects. The general contractors of these projects were from Japan. However, subcontractors who directly performed these ten activities were local contractors familiar with sewer construction practices. The field observation form was used to record productivity data (e.g., direct labor, quantity of work, working hours) and other information such as supervisors, weather, and construction equipment. Table 3 summarizes the productivity values of the ten construction activities in day, night, and both day and night shifts. Although the units of measure for most activities are straightforward, the productivity unit for asphalt pavement was a linear meter of 4-meter wide lanes to reflect the local industry practice. Table 3 indicates that the productivity values of these activities were different between daytime and nighttime operations. One can observe that the productivity values of pavement cutting, excavation, timber piling, formwork installation, rebar installation were higher in daytime. On the other hand, the productivity values of steel sheet piling, manhole concreting, pipe installation, sand filling, and asphalt pavement were lower in daytime. Figure 1 illustrates these differences in productivity between daytime and nighttime operations. Negative percentage indicated higher productivity in day shifts while positive percentage indicated higher productivity in night shifts. The percentage was a ratio of the productivity deference between night and day shifts to the productivity of dayshifts. Noticeably, the productivity of pavement cutting was 42.5% higher in daytime construction whereas the productivity of steel sheet piling was doubled (104.4% higher) in nighttime construction. To further investigate these differences, the authors performed inferential statistical analysis including the Levene's tests for the variance and t-test for the means.
Figure 1. Productivity difference (%) between day and night shifts
The Levene's tests were first employed to assess the equality of variances for daytime and nighttime productivity of the observed construction activities. The null hypothesis was that daytime and nighttime productivity variances were equal. The results of the Levene's tests revealed that the null hypothesis for four activities, including pavement cutting, excavation, timber piling, and steel sheet piling was rejected. That is, daytime and nighttime productivity variances of these activities were not equal. The Levene's tests also suggested that the null hypothesis for the remaining activities could not be rejected. These results of the Levene's test were used to select an appropriate two-sample t-statistic test for means of the daytime and nighttime productivities. Table 4 presents the summary of the two-sample t-tests from IBM SPSS Statistics for the ten activities. The null hypothesis was that there was no difference between the means of the productivity values in daytime and nighttime for each activity. From the results of the Levene's tests discussed previously, equal variances were not assumed in the t-tests for the first four activities while equal variances were assumed in the t-tests (or pooled t-tests) for the last six activities (Table 4) . Table 4 shows that the null hypothesis was rejected for four activities: pavement cutting, timber piling, steel sheet piling, and manhole concreting at the significance level of 5%. Specifically, the productivity of pavement cutting and timber piling in day shifts was higher than those in night shifts, whereas the productivity in night shifts was higher for steel sheet piling and manhole concreting. Although rebar fabrication/installation looked considerably higher (12.2%) in daytime operations, there was insufficient evidence to confirm that this difference was statistically significant at 95% confidence.
Table 4. Results of t-tests
The findings from the t-tests were further verified by the experienced site managers/engineers of these construction sites through eight structured interviews. For the sake of the interviewee's valuable time, each interview was set to be within 30 minutes and was only focused on the four construction activities whose productivity values were identified different between daytime and nighttime operations in the statistical analysis. With regard to pavement cutting, 75% (6 out of 8) interviewees agreed the conclusion that day shifts were more productive than night shifts. The major cited reasons were better visibility/observation, more accurate alignment, reduced rework, and better anticipation and avoidance of obstacles and underground utilities. One manager (1 out of 8, 12.5%) was undecided about this finding. One site manager (12.5%) did not agree with the conclusion and stated that heavy traffic could make pavement cutting less productive in day shifts.
Observed
All eight respondents (100%) agreed that the productivity of timber piling in day shifts was significantly higher than night shifts. The most common reasons were more lighting, better visibility/observation, better anticipation of underground utilities, more appropriate timing of tidal conditions, better supervision of quantity and quality of timber piles.
For steel sheet piling, half of respondents (4 out of 8, 50%) believed that night shifts were more productive than day shifts. The main reasons were less traffic, less damage potential to vehicles, easier machine operations/maneuvers, and easier material handling. Twenty five percent (2 out of 8, 25%) were unsure of the finding from the statistical analysis. The other 25% did not believe that steel sheet piling was more productive in night shifts than in day shifts. These two respondents explained that the noise of the piling rigs/vibrators could affect surrounding residential areas and might cause disruptions in their projects. This explanation is consistent with the literature. Nighttime work was received more noise complaints for projects located in urban areas (Ellis and Kumar 1993) . Apparently, maintaining continuity in the workflow of a crew for equipment-intensive activities (Vorster and de la Garza 1990), like steel sheet piling, is an important factor in avoiding lost productivity.
Finally, five managers (62.5%) agreed that manhole concreting had higher productivity at night. The reasons were less traffic, faster material delivery, more comfortable weather for concrete workers, and better concrete curing. Easier task scheduling and material deliveries at night were also noted in previous studies (Hinze and Carlisle 1990) . Two (25%) were not sure about the difference in manhole concreting productivity between day and night shifts. One (12.5%) did not agree higher productive for manhole concreting in nighttime operations. This manager indicated that more difficulty in quality control and more errors/rework could not make nighttime productivity of manhole concreting higher.
CONCLUSIONS
Night shifts are often required for urban sewer and drainage systems. One of the predominant reasons is the negative effects of construction on traffic flow. Various issues have to be examined to advance the effectiveness of nighttime operations in sewer construction. Little if any literature has addressed these issues in sewer construction although nighttime operations in highway construction especially safety and illumination issues have been examined for the past decades.
This paper was to compare the productivity of sewer construction in day and night shifts. The research investigated productivity at the activity level because the overall productivity of the project was difficult to be examined given that there were many variables involved. Although construction activities were a project-by-project basis, from the first round of site visits and preliminary analysis this study selected ten activities that were typically performed in both shifts and in all eight selected projects.
Productivity data were collected from field observations, interviews, and project records. Statistical analysis revealed that the productivity of pavement cutting and timber piling activities in day shifts was higher than that in night shifts whereas the productivity of steel sheet piling and manhole concreting activities was higher in nightshifts. Although the productivity of rebar fabrication/installation appeared to be considerably higher in day shifts, the difference was not statistically significant. There was insufficient evidence to confirm that the productivity of excavation, formwork installation, pipe installation, sand filling, and asphalt pavement activities were statistically different between day and night shifts.
The findings from the statistical analysis were verified with the follow-up interviews of the experienced site managers/engineers of these construction sites. Most of these respondents generally agreed with the findings. They further provided explanations why the productivity of the activities was significantly different between day and night shifts. The findings from this paper will help contractors better plan their work and prioritize construction activities between the two shifts when night shifts are required for sewer/drainage construction contracts.
